| INTRODUCTION
Tide gauges have been a fundamental element in sea-level analysis since the nineteenth century, and continue to represent a complementary, yet necessary tool to evaluate oceanographic models (e.g. Higginson et al., 2015, satellite data Volkov and Pujol, 2012) , and to perform instrumental calibration of satellite missions (Chambers et al., 1998; Wunsch, 1986) . Tide gauges are regularly exploited in ocean tide models for data assimilation and performance assessment. In Stammer et al. (2014) , the tidal harmonic constants were derived from tide gauge time series and were used to estimate the accuracy of the so-called modern tide models in terms of statistical differences. Further examples of such practice can be easily found in the literature, for example, Ray (2013) , Lago et al. (2017) , Cheng and Andersen (2011) , Carrère et al. (2012) . Most of the in situ data used in the aforementioned papers are located in both open oceans and shallow waters. However, the growing concern for our coasts encouraged tide modelling research towards improved solutions in the latter areas Ray et al. (2011) , and as a consequence, the need for larger data sets of coastal in situ information Cazenave and Nerem (2004) and Restano et al. (2018) . The TIdal CONstants (TICON) data set was created with this purpose, and specifically to provide the users with a simple tool that helps in tide model validation at the coast. TICON contains information on the harmonic constants of 40 tidal constituents, computed for 1,445 tide gauge stations. The constants are the result of a least squares harmonic analysis performed on time series belonging to the Global Extreme Sea Level Analysis (GESLA) data bank (Woodworth et al., 2017) . GESLA was chosen as a basis for TICON not only because of its higher frequency (1 hr or faster) sampling which is suitable for tidal analysis but also because it provides a comprehensive set of sea level records located on a global scale. Also, its public distribution together with the release of harmonized and user-friendly record files, both facilitate the usage of the data. Indeed, even though tide gauge data are often available via a direct download, their temporal resolution can be lower than hours or have a monthly frequency, like in the case of the Permanent Service For Mean Sea Level (PSMSL, Holgate et al., 2013) . Higher frequency data are also available to the public, but they generally require a formal request which entails a certain waiting time. TICON is characterized by a simple file format that helps the users to select the records according to their needs. For each tide gauge station, estimates of the tidal constants are provided together with additional information such as the location of the station or the time period of the tidal estimation. The dataset is freely available to public, and it is registered with a digital object identifier on the PANGAEA platform. In the following pages, the TICON data set will be introduced. In Section 3 the source data set GESLA is illustrated. Section 4 explains the method used to build TICON. The file format is described in Section 5. The work is summarized in Section 6.
| INPUT DATA
The latest version of GESLA contains 1,355 harmonized records, collected among 30 different sources such as national authorities, research institutions and international projects. An exhaustive description of the different datasets involved, together with the corresponding source reference, can be found in (Woodworth et al., 2017) . A total of 1,276 of these records are publicly available and were used to build the TICON data set. The remaining 77 'private' records were not used, as the intention of the authors was to guarantee a free and direct access to the data. GESLA public stations have a quasi-global extent, with a higher data coverage in the Northern Hemisphere, in particular: North America, Europe and Japan. Apart from the sparse number in the open ocean -which is related to the presence of islands -unfortunately almost no station can be found in regions such as at high latitudes or at the coast of the Indian Subcontinent.
A preliminary screening was performed on all records to analyse the average duration of the measurements and the distribution of the temporal gaps. We have observed that the records span from a minimum of 150 days, to a maximum of 168.6 years, having a median length of 22.2 years and a general distribution shown in Figure 1 .
GESLA contains quality information in terms of flagged observations. The flags characterize the quality and the possible usage of the individual measurements. Only measurements assigned as "correct" or "interpolated value" were selected as valid. In addition, data gaps due to missing physical observations can occur. After flagging, 417 records have missing data less than 2% of the total number of observations, 624 records contain missing data between 2% and 25%, 170 records between 25% and 50%, and only 65 records have gaps above 50% (Figure 2) . Because of the different nature of these temporal gaps, their lengths may also vary, ranging between a few samples (in general some hours) and years.
| DATA PRODUCTION METHOD

| Pre-processing
An automatic programme was set up to compute tidal constants for all the records. The script performs a first selection of records suitable for least squares harmonic analysis, that is: the period of the observations of each record must be larger than 1 year. The choice of this minimum duration is based on the Rayleigh criterion for tidal constituent separation (Pugh and Woodworth (2014) ). The time series length is measured after rejecting individual observations for unsuitable flags. This is done because temporal gaps due to flagging may occur at time series extremes, shortening their extent. In Figure 3 a comparison of the length of the time series before and after flagging rejection is shown. Five hundred and thirteen files show no difference after flagging, 625 are reduced up to 1 year and 138 records are shorter by more than 1 year. Two extreme cases occur for the Canadian stations of Port Hardy and New Westminster, whose time series, despite a reduction of 10 and 19 years after flagging, are still, respectively, 50.7 and 45.7 years long. Forty-four records -which correspond to 3.45% of the public GESLA dataset -do not reach the minimum time span required and are discarded from the tidal analysis and the final data set. A second selection is made in relation to the amount of missing data within each record. The distribution of missing data for a time series longer than 1 year is shown in Figure 4 . After removing flagged values at record extremes, the amount of missing data for more than 500 records is below 3%. In the scatter plot of Figure 5 the percentage of missing data is plotted against the time series length. The maximum length of temporal gaps is represented by the marker colour. In general, records below 50 years duration do not show large gaps, and in the majority of cases missing data are below 30%. Few long records are characterized by extensive temporal gaps that exceed 20 years, which may cause a loss of data larger than 40%. The authors attempt to perform least squares for the longest time series possible, in order to use the full original records. For this reason, a threshold of 70% of valid observations was set, above which the records are processed for their full length. This criterion is used to compute tidal harmonics for the full time series, reducing the risk of processing records with highly scattered observations. A similar method was used by Ruiz-Etcheverry et al. (2015) to sort and compare the annual and semi-annual signal of tide gauge observations against satellite data). In total, 1,145 records were processed with this condition, while 87 were excluded from the data set. The overall number of discarded records (due to short time series or missing observations) is 131, that corresponds to 10.3% of the full GESLA data set. In Figure 6 the locations of the final TICON data are shown.
| Least squares and error estimation
The 40 tidal constituents are derived using the least squares method. The choice of the number of constituents was mainly based on the purpose of this data set, which is to evaluate ocean tide models. Generally, the modern tide models include no more than 15 tidal constituents; however, there are exceptions such as FES2014 model, that provides 34 constituents Carrère et al. (2015) . Thus, providing the 40 most important constituents should be sufficient for an adequate model evaluation.
The least squares approach is often preferred over the spectral analysis because it allows to perform the tidal estimation on incomplete time series (Ponchaut et al., 2001 ). A matrix system was set up following equation 4 in Piccioni et al. (2018) , with which the in-phase and quadrature coefficients (here called H = A k cos P k and G = A k sin P k ) -and consequently the amplitude and phase lag -are computed:
with Z 0 the mean sea level, a the trend of the time series, t i the time at observation i, n the number of tidal constituents which are defined by the amplitude A k , the phase lag P k , k the astronomical arguments, and f k and u k the nodal corrections for the amplitude and phase lag respectively. The values of the nodal corrections and the Doodson extended numbers needed to compute the astronomical arguments are taken from International Hydrographic Organization (2006), while the expressions for the astronomical arguments are from Tamura (1987) . The amplitude and phase lag are assigned a statistical error based on the standard error of the regression (Heij et al., 2004) and the error propagation principles (Taylor, 1997) . In detail, the errors for the amplitude and phase lag are described by the formulae:
(1)
where H and G are the standard errors of H and G, and are related to the number of observations analysed (because of the df in the standard error of the regression), and therefore for longer time series smaller errors may be computed. Finally, the results are merged and saved in a user-friendly text file, together with supplementary information relevant to the tide gauge station and the time series (Data S1).
| DATA SET LOCATION AND FORMAT
TICON is stored in the PANGAEA public repository as a text/ASCII format, and it is freely available for any research purpose. The data set is a single file that contains the harmonic constants of 40 tidal constituents and their related errors. An example of part of the TICON file is shown in Table 1 for the station of Port Angeles, Washington, USA. The file has a tab-separated column structure and the columns display information on: left to right you have latitude and longitude (with domain 0-360) of the station's location, constituent's name, amplitude of the tidal constituent in cm, phase lag (Greenwich lag) of the tidal constituent in degrees, percentage of missing data within the time series analysed, number of observations used for the least squares estimation, length in days of the largest gap found in the record, date of the first and the last observation, and a code that corresponds to the source of the record. The constituents are sorted in ascending order, according to their frequency. The user manual contains also a validation session, in which TICON constants are compared to the Finite Element Solution 2014 (FES2014) global tide model (Carrère et al., 2015) . Additional comparisons are shown between two or more 'duplicate' records, that is, records at the same location coming from different GESLA-2 sources. For major details about the file structure and usage, the authors suggest to read the user manual provided in PANGAEA.
| SUMMARY
This article describes the TICON data set, which contains information on tidal harmonic constants of 40 constituents for 1,145 tide gauge stations located worldwide. The constants were computed from the time series provided in the GESLA project, and were selected according to the lengths of the individual records and the percentage of missing data. The final results are stored in a single text file enabling a simple record selection according to the user's needs. TICON will find applications in the sea level and ocean tide community, as it represents a directly accessible validation dataset of easy to handle. With this paper the authors want to highlight the importance of a freely available, harmonized data set and express the wish that more and more data centres will make records available for a unified dataset in a near future.
